Recently, it has been found that bacteria secrete short RNAs able to affect gene expression in eukaryotic cells, while certain mammalian microRNAs shape the gut microbiome altering bacterial transcriptome. The involvement of bacterial RNAs in communication with other bacteria is also expected, but has not been documented yet. Here, we compared the fractions of extremely short (12-22 nucleotides) RNAs secreted by Escherichia coli grown in a pure culture and jointly with bacteria of the Paenibacillus genus. Besides fragments of rRNAs and tRNAs, abundant in all samples, secreted oligonucleotides (exoRNAs) predominantly contained GC-rich fragments of messenger and antisense RNAs processed from regions with stable secondary structures. They differed in composition from oligonucleotides of intracellular fraction, where fragments of small regulatory RNAs were prevalent. Both fractions contained RNAs capable of forming complementary duplexes, while for exoRNA samples a higher percentage of 3 -end modified RNAs and different endonuclease cleavage were detected. The presence of a cohabiting bacterium altered the spectrum of E. coli exoRNAs, indicating a population-dependent control over their composition. Possible mechanisms of this effect are discussed.
INTRODUCTION
Genome-wide screening undertaken over the last decade has revealed a huge number of transcripts with an obscure function (The ENCODE Project Consortium 2007) . It turned out that in eukaryotes some of them participate in the formation of subcellular structures (d'Adda di Fagagna 2014), others affect epigenetic modifications (Castel and Martienssen 2013) or topology (Nozawa et al. 2017) of the chromatin, but most RNAs perform a variety of regulatory functions. Many types of RNAs found in higher organisms have bacterial analogs, although their functions in eukaryotes are more studied.
The best characterized regulatory RNAs are antisense (aRNAs) and small regulatory RNAs (sRNAs), ranging from dozens to hundreds of nucleotides in length. Forming complementary duplexes, they affect translation or stability of mRNAs in all organisms (Werner 2013; Lybecker et al. 2014) . The regulatory features of fragments originated from tRNAs (tRFs) and the 3'-ends of mRNAs are important discoveries of recent years Lalaouna, Carrier and Masse 2015; Shepherd and Ibba 2015; Miyakoshi et al. 2015; Chao and Vogel 2016; Diebel et al. 2016) . However, the largest group of regulatory RNAs includes several types of eukaryotic microRNAs, sized ∼21-25 nucleotides (n), which mediate degradation of complementary targets by RNA interference. Most of them are encoded by their own genes and are processed from RNA precursors by special RNases. Others are cut from double-stranded RNAs that penetrate into the cell or originate from clusters of mobile elements (Li et al. 2013) . In a complex with Ago proteins, one strand of maturated microRNAs pairs with target RNAs leading to their cleavage (Meister 2013; Miyoshi et al. 2016) . Originated in eukaryotes and protecting them against viruses and mobile genetic elements (Hannon 2002) , interfering RNAs are believed to be absent in prokaryotes. However, microRNA-size RNAs (15-26 n) have been found in bacteria (Lee and Hong 2012; Kang et al. 2013) . So far, no evidence has substantiated their specific processing, or participation in RNA interference, although bacteria have RNAse III family enzymes (Nicholson 2014 ) required for processing, and recently discovered homologs of Ago proteins (Willkomm et al. 2015) .
Like eukaryotic microRNAs found in various biological fluids (Wang et al. 2010; Beatty et al. 2014; Fritz et al. 2016) , bacterial RNAs with a typical size of ∼20 ± 7 n have also been isolated from growth media (Ghosal et al. 2015) . They are protected against degradation by outer membrane vesicles or RNA-binding proteins (Fulsundar et al. 2014; Kulp et al. 2015; O'Donoghue and Krachler 2016; Jiang, Vader and Schiffelers 2017) , and their composition differs from that of cellular transcripts (Ghosal et al. 2015; Blenkiron et al. 2016) .
By merging with the membranes of eukaryotic cells, bacterial vesicles release transported RNAs that can activate (Heil et al. 2004; Mills 2011; Abdullah et al. 2012; Kaiser et al. 2014; Eigenbrod et al. 2015) or suppress (Koeppen et al. 2016 ) the innate immune response. However, information about the influence of exogenous RNAs on gene expression is still very limited (Ghosal 2018) . The most studied mechanism is related to the effect of sRNAs produced by Escherichia coli on the transcriptome of nematodes feeding on these bacteria (Jose and Hunter 2007; Akay, Sarkies and Miska 2015; Braukmann, Jordan and Miska 2017) . It has also been shown that intestinal microbiota of mice affects the spectrum of the host intracellular microRNAs, which, in turn, modulates the gene expression of the host (Dalmasso et al. 2011) . On the other hand, microRNAs secreted by the mouse epithelial cells penetrate into bacteria and affect expression of their genes . However, the effect of exogenous bacterial RNAs on the bacterial transcriptome has not been demonstrated.
The aim of this study was to characterize the fraction of extremely short exoRNAs of E. coli and to assess its alteration in response to a cohabiting bacterium.
Materials and Methods

Bacterial strains and genomes
The cells of E. coli K-12 MG1655 (E. coli, NC 000913.3) and a Paenibacillus isolate (P. bisonicum, PJFA00000000.1) were used as biological objects. The genomes of Bifidobacterium longum DJO10A (CP000605.1), Prevotella intermedia 17 (CP003502.1 and CP003503.1), Ruminococcus albus 7 (CP002403.1) and Rhodospirillum rubrum ATCC 11170 (CP000230.1) were selected to assess the cross-mapping of exoRNAs.
Growth curves
Growth curves were obtained for pure and mixed populations cultured in 75 ml of M9 + 0.3% glucose medium (37
• C, ∼140 rpm shaking) followed by inoculation with overnight cultures diluted 1:250 and 1:500, respectively. Optical density (OD) was measured with a Genesys 10S Vis spectrophotometer (Thermo Fisher Scientific, USA). The relative number of colonies for both bacteria was checked by plating.
Experimental design
A pilot series of experiments was carried out independently in different media; cDNA libraries were prepared from different sized RNAs and sequenced on Illumina or Ion Torrent machines (Table 1) . Based on these experiments, we chose the size range for the adapter-ligated samples (80-120 n). 
Sample preparation and sequencing
Bacteria were grown in 250 ml (Int 3 , Exo 3 and Mix 1,3 ) or 100 ml (Int 1,2 , Exo 1,2 and Mix 2 ) flasks containing 75 or 25 ml of M9 + 0.3% glucose or Luria-Bertani (LB) medium, respectively (Table  1) . Intracellular RNAs were isolated as described in (Bykov et al. 2016) with the TRIzol RNA extraction reagent (Invitrogen, USA) followed by mirVana miRNA Isolation Kit (Ambion, USA). To obtain extracellular RNAs, bacteria were collected at 2700 rpm (20 min, 4
• C), the supernatants were passed twice through a 0.22 μm filter (Sarstedt, Germany), and the total RNA was isolated using miRNeasy Serum/Plasma Kit (Qiagen, Germany) followed by mirVana miRNA Isolation Kit. Samples containing both vesicular and free extracellular RNAs were treated with DNAse I (New England Biolabs, USA). RNA concentration was measured with a Nanodrop ND-1000 spectrophotometer (NanoDrop Technologies, USA). The 3 -and 5 -ends of RNAs (80-100 ng) were modified with T4 RNA ligase by attaching either Illumina (NEBNext Multiplex Small RNA Library Prep Set, New England Biolabs) or Ion Torrent (Ion Total RNA-Seq Kit v2, Thermo Fisher Scientific) adapters. After ligation and cDNA synthesis, samples were fractionated on E-Gel R SizeSelect gels (Thermo Fisher Scientific), and cDNA libraries were quantified with a Qubit 3.0 fluorometer (Thermo Fisher Scientific). The Illumina samples were prepared with TruSeq RNA Sample Preparation Kit (Illumina, USA) and sequenced in the Skoltech Genomics Core Facility using pairedend 2 * 150 n protocol. The Ion Torrent samples were received with Ion OneTouch System and Ion PGM Hi-Q OT2 Kit (Thermo Fisher Scientific) and sequenced in ICB RAS using 200 n singleend read protocol.
Data analysis
Sequence reads were quality-filtered using Galaxy Server set to Q10 and 90% bases in a read with at least this quality (Afgan et al. 2016 evaluated separately to identify their 5 -and 3 -ends precisely. Only reads with ideal correspondence to the genome were taken, and their number was ascribed to one position. To facilitate identification of complementary RNAs, a software option for mapping the 5 -ends of the top strand reads and the 3 -ends of the bottom strand sequences was implemented. Reads with multiple correspondence were ascribed to all matching sites in equal proportion. Peak calling was done either in position-(ranking strategy) or in running window-dependent manner (fold-change analysis). In the former case, the genomic positions were ranked in descending order based on the numbers of produced RNAs, clustered, and the top 100 (Top 100 ) or the top 120 (Top 120 ) positions/clusters were compared with the same sets in other biological replicates. The statistical significance of the common sets was estimated using the T-test for two samples option in Galaxy Statistics. In the latter case, the profiles were first normalized by the method offered by Affymetrix (http://www. affymetrix.com/support/technical/whitepapers.affx, Aleksic, Carl and Frye 2014) . Then the fold-change ratio was estimated using equation R = ( 5 N i + 1)/( 5 N j + 1), where 5 N i,j is a sum of reads calculated for genomic positions in a 5 bp running window in each of the compared datasets. Only peaks with maximal enrichment exceeding the background level of at least 3 StDs (p < 0.002) were counted. Pearson correlation coefficients were calculated with Microsoft Excel for sums of reads detected in 10 bp bins.
Supporting bioinformatics tools
Positions of known promoters were taken from RegulonDB (http://regulondb.ccg.unam.mx, Gama-Castro et al. 2016) . Additional σ 70 -promoters for registered RNAs were searched with PlatProm (http://www.mathcell.ru/model6.php?l=en, Shavkunov et al. 2009 ). To assess the folding propensity, sequences of the detected RNAs were taken from the genome together with flanking regions equal in size (total 50 n) and subjected to modeling at the RNAstructure Web Server (https://rna. urmc.rochester.edu/RNAstructureWeb/Servers/Predict1/Predict1. html, Xu and Mathews 2016) . For the promoter-proximal oligonucleotides, the 50 n long sequences with the 5 -end corresponding to the known or predicted transcription start points (TSPs) were analyzed.
RESULTS
Profiles of short and long RNAs poorly correlate with each other
Gray and red plots in Fig. 1A show the size distribution of RNA fragments detected in intra-and extracellular samples, respectively. Most of them range from 10 to 22 n in length. Reads of 10 and 11 n were ignored, as too short for mapping, while oligonucleotides from 12 to 22 bases were evaluated as short RNAs. In line with published data (Ghosal et al. 2015) , intracellular RNAs were on average longer (Fig. 1A and Table 1 ). Red and blue circles in Fig. 1B exemplify distribution profiles for short oligonucleotides and RNAs longer than 40 n. Peaks corresponding to the operons of ribosomal RNAs (ticks of the third circle) are dominant in both cases, but the profiles are different. Pearson correlation coefficients between them, estimated in assays Int 1 , Int 2 and Int 3 (Table 1) , were 0.26, 0.12 and 0.16, respectively (exemplified in Fig. 1C ). Being statistically significant (p-values < 0.00001), they were lower than correlation coefficients for the profiles of only short RNAs obtained for extracellular assays Exo 1 , Exo 2 and Exo 3 (0.33-0.8). Thus, intracellular short RNAs, as such, cannot be considered solely as by-products of full-length transcription. Even if long precursors of some of them are largely lost during purification, others can be specifically produced in bacteria.
Composition of intracellular short RNAs has a bias towards sRNA fragments
The portion of rRNA and tRNA fragments in samples Int 1-3 varied in the range of 12.3-44.1% and 6.6-30.5%, respectively, making the percentage level of other products highly dependent on their presence. Therefore, we analyzed rRNA and tRNA fragments separately. The numbers of RNAs originated from other genomic positions were ranked in descending order, and 52 narrow peaks that hit the Top 100 list in at least two datasets, giving products in the third assay, are listed in Table S1 . The statistical significance of this selection, estimated against all active positions in the genome, except rRNA and tRNA genes, gave p-values < 2.2e-16 in all experiments (1.6e-6-4.4e-7 is sufficient for 95% confidence with Bonferroni correction). Twelve selected regions have identical sequences with other genomic loci (indicated in Table S1 ). Thus, we obtained only 40 unique sets with a reproducibly high contribution to the fraction of short RNAs. Eighteen of them corresponded to sRNAs; 16 matched to promoters, 5 -/3 -UTRs or leader sequences and six originated from mRNAs or aRNAs. Among highly abundant transcripts were fragments derived from SdsR and RyeA sRNAs (Fig. 1B) . Their genes are located on the opposite strands of the same genomic locus ( Fig. 2A) providing complementary transcripts that can form double-stranded structures (Fig. 2Ad) . However, the sdsR/ryeA region was not unique in this feature. We detected complementary fragments for at least five other sRNAs and even for the 5 -UTR of lpp-mRNA, encoding an outer membrane protein (Table S1 ), where antisense transcription was not expected. Thus, RNA duplexes resembling eukaryotic microRNAs can be formed in E. coli.
Short exoRNAs are mainly derived from mRNAs and aRNAs, including mRNAs of inner membrane proteins Fig. 3A exemplifies the difference in the distribution profiles of intracellular oligonucleotides (red plot) and exoRNAs (green plot) obtained from one population. The same ranking strategy gave 32 genomic regions (Table S2) reproducibly providing extracellular RNAs (p-values < 1.3e-15-2.2e-16). Dominant exoRNAs were mainly derived from mRNAs (65%) or aRNAs (32%), rather than from sRNAs. Thus, the difference in composition previously found for longer RNAs (Ghosal et al. 2015; Blenkiron et al. 2016 ) also persists for extremely short oligonucleotides, and representatives of 31 from 32 selected regions were found in SRA data obtained by Ghosal et al. (2015) (marked in Table S2 ). Therefore, many short RNAs can be permanently secreted by E. coli.
They are derived from genes of different functional categories, but nearly half encode membrane proteins. Occasional secretion of such mRNA/aRNA fragments could be explained, if they are co-translocated to the membrane and released within outer membrane vesicles, being captured by the corresponding proteins. However, 13 of 15 proteins with known membrane localization belong to the inner, rather than the outer membrane (Table S2) , which makes this explanation controversial.
exoRNAs may be subjected to secretion-dependent modifications
In all experiments, intracellular oligonucleotides matched the genomes much better than exoRNAs (Fig. 3B) . The simplest explanation of this difference would be secretion-mediated modifications, including adenylation of the 3 -ends. Excluding the precise alignment of reads, exploited in our approach, this leads to their loss. Analysis of 3 -terminal nucleotides in intraand extracellular samples, indeed revealed a higher percentage of reads with A and C at the 3 -ends of exoRNAs (red and blue lines in Fig. 3C and example for A-tails) . Thus, the 3 -terminal modifications contributed to the mapping deficit. However, a 5-10% difference cannot explain the 3-fold deficiency in the percentage of mapped sequences (Fig. 3B) , and special approaches are needed to identify other modifications in short exoRNAs or to check on the possibility of their non-template synthesis.
Transcription from intragenic promoters and processing with hairpin-specific endonucleases as providers of exoRNAs
A striking feature of exoRNAs was their high GC content (61.3%), which differed from that of intracellular oligonucleotides (47.6%) and their own genomic environments (49.3%) (Tables S1 and S2). Together with the apparent predominance of guanines (34.4%), which in RNA can form pairs with cytidine and thymine, this assumed the genesis of exoRNAs from the hairpin structures. Free energy of folding ( G) was therefore estimated for 50 n long fragments including the sequences of all intracellular (Table S1) and extracellular (Table S2) RNAs from the Top 100 lists. For intracellular oligonucleotides predominantly derived from highly structured sRNAs, an average G value was expectedly low (−10.8 kcal/mol), while for exoRNAs that are mainly originated from RNAs without obligatory folding propensity, G was even lower (−11.5 kcal/mol). Thus, there is a molecular basis for the processing of exoRNAs with hairpin-specific endonucleases.
We then analyzed the distribution of intracellular oligonucleotides and exoRNAs along all 21 types of the E. coli tRNAs, i.e. molecules with stable and quite similar secondary structures. In 32 of 63 profiles (21 × 3 Int 1-3 assays), the intracellular fragments predominantly originated from the 5 -ends, like for AlaXand LysT-tRNAs (Fig. 4A) . Fragments with 5 -ends located in the D-loop helix (scheme in Fig. 4B ), as in LysT-tRNA, were rare and were not evaluated. Fragments from the anticodon helix were usually detected, but in a small number, whereas those from the T-loop helix were found in all profiles and on average at a higher percentage (Fig. 4C, gray box plots) . In the Exo 1-3 samples, the percentage of 5 -end reads was lower, while that of the 3 -ends was higher (Fig. 4C, green boxes) , and the pattern of cutting differed from intracellular samples. For example, fragments from the AlaX-tRNA anticodon helix were only detected inside the bacteria, whereas those from the T-loop helix were only detected among exoRNAs. There are several other examples with different fragmentation, such as oligonucleotides derived from opgH (insert in Fig. 2Bb ). Thus, we assume that some exoRNAs can undergo specific processing for secretion.
On the other hand, the folding propensity of several exoRNAs is very low ( G ∼ -1.3 --4.4 kcal/mol). To assess the possibility that some oligonucleotides can be produced as independent transcription units, we used the promoter finder PlatProm, which recognized ∼93% of known promoters from the selected regions (Tables S1-S5 ). Promoters were searched for within 100 bp upstream from the 5 -ends of the detected exoRNAs, and in 13.5% cases TSPs were predicted within one helix turn. Corresponding oligonucleotides can be abortive products of these promoters. Being present in only a few copies in intracellular samples or even absent in all Int 1-3 assays, they can be specifically synthesized for secretion.
Paenibacillus bisonicum as a cohabiting bacterium
To follow the reaction of E. coli to the presence of an 'alien' bacterium, we chose a novel Paenibacillus isolate. Bacteria of this genus are typical for soil and marine sediments, but are also found in the microflora of human, animals and insects (Grady et al. 2016) . The strain used in this study was isolated from the intestine of a 50 000-year-old ancient bison from the permafrost and never grew together with the laboratory strain of E. coli. It turned out that P. bisonicum can grow in the same media as E. coli. The only adjustment required to obtain approximately the same growth time to the stationary phase (Fig. 5A ) was a larger volume of night culture used to inoculate the media. The OD of mixed populations was approximately equal to the sum of ODs measured for pure cultures (red dots in Fig. 5A ), and mixed populations had approximately equal numbers of living cells (Fig. 5B) . They provided approximately equal amount of exoRNAs matching to each genome, and the percentage of reads mapped to the E. coli genome was expectedly lower than in pure cultures (Fig. 3B) . However, it was not dramatically lower, testifying against a possibility that extracellular paenibacillar enzymes actively digest alien RNAs. The patterns of cleavage for tRNAs (green and magenta plots in Fig. 4A and 4C) were also very similar in samples isolated from pure and mixed cultures.
P. bisonicum affects the profile of exoRNAs mapped to the genome of E. coli
The magenta plot in Fig. 5C shows the profile of reads matching to the E. coli genome. The ranking strategy revealed 32 genomic regions that gave oligonucleotides with Top 120 contribution in at least two experiments (Table S3) . However, 19 loci matched the genome of P. bisonicum. Their products cannot be unambiguously attributed and were ignored. The remaining set was too small to discuss any bias in the features of received fragments, but the fact that six out of 13 peaks lie in the uxuR gene merits mentioning (Fig. 2Cc) . Many UxuR-exoRNAs were also detected in the pure culture (Fig. 2Cb, Fig. 3A ), but the region was not selected because of a criterion that required dominance in at least two experiments, of which others were performed in LB medium. The uxuR gene encodes a metabolic transcription factor. During growth on nutrient-rich LB medium, uxuR is repressed in a sugar liganddependent manner (Tutukina et al. 2016) . In samples Int 1 and Int 2 , obtained from LB medium, uxuR-born fragments were not found, and only a few copies were detected in samples Exo 1,2 and Mix 1 . In M9 medium, we still only registered 50 intracellular products from uxuR (Fig. 2Ca) , but in samples Exo 3 (Fig. 3A) , Mix 2 and Mix 3 (Fig. 5C ) a huge number of sense and antisense transcripts were detected (Fig. 2C) . Thus, it is likely that uxuRborn RNAs are specifically secreted for a function yet to be elucidated.
Multiple alterations were found in both serial experiments when the genome-wide profiles of fold changes (Mix 2, 3 versus Exo 2, 3 ) were analyzed (exemplified in Fig. 5C ). They, however, were highly dependent on media, requiring more data for comparative analysis. Thus, only samples received in the largescale experiment (Mix 3 versus Exo 3 ) are discussed further. Of 188 peaks with at least 1.5-fold increase in the presence of the cohabiting bacterium, 138 were ignored because their products cross-mapped to the P. bisonicum genome. The remaining 50 are Table S4 . We also obtained 297 sets of transcripts with at least 1.5-fold reduced abundance, and selected 162 assemblages that can be produced from only one site in the genome of E. coli (Table S5 ). The exoRNAs of both sets were GC-rich and came predominantly from mRNAs and aRNAs, although sRNA fragments with altered abundance were also detected. The percentage of oligonucleotides with potential promoters was higher (51% and 44.2% versus 35.1% in the pure culture). Therefore, some changes can be mediated by the transcription regulatory events. Several genes (hcaE, lacZ, ssrS, topB, uxuR) gave exoRNAs with both increased and decreased representation. Most of them have potential intragenic promoters that hypothetically can sense the presence of other bacterium. At the same time, in many other cases the digestion of mRNAs by nucleases can be presumed to be the main mechanism for the appearance of short exoRNAs.
For instance, no intragenic promoters were found for the opgH-born oligonucleotides, which decreased in number in the presence of P. bisonicum (Fig. 2B) . Varying in length in a secretiondependent manner, they have rather standard 5 -ends, which is in line with the possibility of their endonuclease cleavage from the hairpin structure (insert in Fig. 2B ). It is difficult to imagine how this cleavage can be blocked by other bacteria. Alternatively, there are two more probable scenarios: exoRNAs secreted by E. coli in the pure culture were further destroyed by a yet unknown mechanism or they were omitted during purification, being specifically packed or trapped on the surface of P. bisonicum cells and filtered out. It might be symptomatic that 37.7% of transcripts with decreased abundance cross-map to the genome of P. bisonicum (Table S5) . If in this bacterium such regions are also transcribed, and their products are exposed to the cell surface in particles that can capture complementary RNAs from the medium, then the percentage of such oligonucleotides in the isolated fraction may decrease.
It turned out that 78.1% of the E. coli genomic regions, producing abundant exoRNAs in the pure culture, contain complementary sequences in the genome of P. bisonicum (Table S2) . This percentage ranges from 50 to 60.3% in smaller genomes of other bacteria naturally cohabiting with E. coli (Bifidobacterium longum, Prevotella intermedia, Ruminococcus albus and Rhodospirillum rubrum), being 18-55% higher in comparison to regions producing intracellular oligonucleotides (Table S1 ). Thus, it is likely that the E. coli cells routinely secrete transcripts that have complementary targets in the genomes or transcriptomes of other bacteria. Explaining some effects of bacterial interplay in Table 1 ). The numbers of short transcripts with different lengths were summarized in each position and plotted as log( N+1). Cyan/gray circle shows the profile of fold ratios between the numbers of reads obtained in mixed and pure cultures and mapped to the genome of E. coli. A 10 bp sliding window was used to calculate N mixed and Npure for normalized libraries, which were then plotted as log(( 10 N mixed +1)/( 10 Npure+1)). Both plots were created using DNAPlotter v. 1.3 (Carver et al. 2009 ) with 5 bp window and 5 bp step size. Reads matching to rRNA and tRNA genes were ignored. Two outer circles show the gene maps for the upper and lower genomic strands. a mixed population, this also creates a prerequisite for the functioning of exoRNAs as signaling molecules.
DISCUSSION
By using a small RNA sequencing technique with adapters ligated to both 3 -and 5 -ends of RNA products, we compared three fractions of extremely short RNAs. The small size of exoRNAs caused many problems in their analysis, including matching to different genomes in the mixed population and inability to implement partial alignment. In this study we ignored dominant (Table S3) or upregulated (Table S4 ) exoRNAs matching to both genomes. However, this is technically possible only for a simple model population. An alternative strategy assumes analyzing only transcripts with unique sequences in the genomes, which is possible for RNAs sized 16 n or longer (Panyukov et al. 2017 ), but exoRNAs cross-matched using such an approach will be lost.
The largest problem in the analysis of bacterial secretomes is the absence of a basic concept regarding their biological role and mechanisms of action. The fact that the most abundant exoRNAs identified in the pure culture of E. coli have complementary sequences in the genomes of other bacteria may be of the highest biological significance. On the other hand, the existence of many external RNAs with substantially decreased representation in the medium of mixed population is currently hard to explain. Even if RNA interference is applicable for bacterial RNAs, it is unclear what the reason for their massive removal from the medium may be. Thus, we assume that the absence of some exoRNAs, like those from opgH, is a result of their involvement in some extracellular processes, which hampers their isolation. We also found that many exoRNAs in all sets originate from genes encoding inner membrane proteins. The significance of this observation remains unclear. In any case, the knowledge obtained for eukaryotic signaling microRNAs probably cannot be directly transferred to bacterial exoRNAs, whose functional role remains obscure, and fields of implementation, other than RNA interference, should be considered.
